Viewed through the lens of public health, sports-related concussion or mild traumatic brain injury is an epidemic health problem. This paper commences with a scoping review of sport-related concussion and mild traumatic brain injury considering its historical background, clinical definitions, epidemiology, and pathophysiology and treatment. The second section assesses the complex interplay of intrapersonal and interpersonal, community, and societal factors that influence sport-related concussion and mild traumatic brain injury. The third section concludes with recommendations for policy changes and further research to mitigate the health impact of sports-related concussion in adolescent school-age children. The optimal management of sports-related concussion requires care going beyond the acute injury, and into the school setting to maximize their academic and social outcomes. This is more likely to occur when healthcare and educational systems are optimally coordinated. 11
Introduction
In the past decade, few subjects have generated as much public interest as concussive brain injury or concussion. News reports on the long-term effects of concussions and chronic traumatic encephalopathy or CTE [1] [2] [3] , in football have created a new level of awareness about the seriousness of sports-related concussion (SRC) in the United States (US). National and local organizations representing youth, collegiate and professional sports, as well as health care professionals, have taken significant measures to address this once overlooked issue. Despite its growing health awareness among educators, coaches, physicians, trauma registry, brain CT demonstrated evidence of intracranial abnormalities in two-thirds of cases with GCSs of 13 to 15, including 27% and 45% of those with scores of 14 and 15. Even though brain CT underestimated the number of intracranial abnormalities, it was the test of choice for concussion in the first 24 to 48 hours after injury, especially in pediatric patients [15] for several reasons including, its ready availability in emergency departments (ED), ease of performance, lower cost, and superior modality in detecting skull fractures. Newly available magnetic resonance imaging (MRI) modalities such as gradient echo and perfusion and diffusion tensor imaging [16] , with its superior ability to detect cerebral contusions, petechial hemorrhages, and white matter injuries, was generally employed 48 hours or more after minor head injury [17] owing instead to its higher cost and limited availability.
In a trend that continued into the 2000s, two schools emerged, clinicians who attributed post-concussive symptoms to microscopic brain damage versus psychological factors motivated in part by malingering. The diagnosis of it was problematic since the majority of patients were diagnosed hours, days, or even months after the injury and had frequent gaps in memory for loss of consciousness (LOC), the hallmark of the earlier mTBI.
In the past decade, research has removed the uncertainty that adolescent concussion due a variety of causes, including SRC, differs substantially from mTBI. DeMatteo and colleagues [18] examined the clinical correlates of the diagnosis of concussion among 434 children with mTBI and SRC to identify the factors that led to the use of this term in a regional pediatric center. Proportional hazards results demonstrated that the concussion label was significantly more likely to be applied to children with GCS scores of 13 to 15 (P = 0.03), and was strongly predictive of an earlier hospital discharge (odds ratio [OR]: 1.5; 95% confidence interval [CI]: 1.2 -1.9; P = 0.003); and earlier return to school (OR: 2.4 [95% CI: 1.6 -3.7]; P < 0.001). The predictive value of the concussion label depended mainly upon the clinical reasoning and decision-making processes of those who evaluated childhood head injuries. While a normal brain CT result likely implied to parents that their child had not sustained an mTBI, this was generally not the intention of physicians who diagnosed a SRC.
There is comparatively less known about the epidemiology and correlates of SRC in adolescents than in adults. According to the National Electronic Injury Surveillance System-All Injury Program [19] , from 2001 to 2009, activities associated with the greatest estimated number of mTBI-related ED visits included, bicycling, football, playground activities, basketball and soccer among persons older than 19 years, all which could be group under the label of SRC. The reported prevalence of a single diagnosed SRC in US high school students age 12 to 18 years in 2016 of 19.5% [20] is similar to regional US surveys [21] , and far exceeds the 5% estimate of mTBI visits among adolescents to US EDs by the Centers for Disease Control and Prevention (CDC) [22] . This discrepancy suggests the need for un-World Journal of Neuroscience iformity in the reporting of concussion and mTBI in adolescents.
Definitions
The term SRC and mTBI are interchangeable. Dematteo and colleagues [18] pointed out the common misunderstanding among professionals and the lay public [23] that an injury described as a concussion, is far less severe than one described as a mTBI. While not all blows or jolts to the head result in a concussion, those that do, are typically associated with a brief change in mental status or LOC. The immediate and short-term symptoms associated with concussion reflect a primary functional cerebral disturbance rather than structural damage. Secondary physical, neurocognitive and neuropsychological symptoms occur in up to a third of cases and persist for up to several months after primary injury, tapering to about 2.5% at one year [24] . Pervasive symptoms of concussion lead to a disturbance in adaptive independent functioning and the safe performance of activities in school and at home.
There have been several widely used classification of mTBI, each with an application to adolescent SRC. The American Congress of Rehabilitation Medicine (ACRM) [25] first proposed criteria for mTBI as an alteration of brain function caused by external forces with LOC for 0 to 30 minutes, post-traumatic amnesia (PTA) for less than 24 hours, transient focal neurological deficits, or alteration of mental status. The authors of the ACRM definition deserve credit for moving beyond the previously held notion that mTBI could be diagnosed only if the patient sustained a definite LOC. Prior to this definition, most neurologists diagnosed a concussion only when LOC or PTA were present.
A Summary Statement of the Quality Standards Subcommittee of the American
Academy of Neurology (AAN) [26] divided concussion into the arbitrary grades of 1 to 3, based on the severity of concussion as determined by the duration of transient LOC, confusion, or other mental status changes. The criteria of the CDC [27] were less specific requiring any period of observed or self-reported confusion, disorientation, or impaired consciousness with memory dysfunction and LOC at the time of the incident. The World Health Organization (WHO) [28] proposed criteria for mTBI, specifying a GCS score of 13 to 15 at time of presentation to a healthcare professional indicating minor brain injury. In the same year, the Tenth edition of the International Classification of Diseases [29] enumerated criteria for the diagnosis of post-concussion syndrome (PCS) requiring three of eight symptoms after head trauma: headache, dizziness, fatigue, irritability, difficulty concentrating, memory impairment, insomnia, and intolerance to stress, emotion, or alcohol. Yet the diagnosis of concussion remained ill-defined other than emerging 3 months following a concussion, with no specific criteria for the latter other than a 5-minute LOC. The US Department of Veterans Affairs [30] issued clinical guidelines for concussion and mTBI, specifying alteration of consciousness of less than 24 hours and normal structural neuroimaging. New conclusive evidence-based guidelines for the evaluation and management of SRC by the AAN [31] , updating World Journal of Neuroscience the 1993 Practice Parameter [26] , differ in the inclusion of factors that mitigate concussion risk, diagnostic tools to identify SRC and post-concussive symptoms.
Patients with mTBI who have positive findings on neuroimaging such as subarachnoid hemorrhage and small contusions are termed "complicated" [32] ; however, there is yet a consensus as to whether a complicated mTBI constitutes a distinct subgroup [33] .
Epidemiology
A six-year study by Blue Cross Blue Shield [34] analyzed database claims for concussion from 2010 to 2015, noting a 71% increase in concussion rates from 8.9 to 15.2 diagnoses per 1000 members in children aged 10 through 19 years, compared to a 26% increase, from 1.9 to 2.4 diagnoses per 1000 in adults aged 20 to 64 years. The increases occurred from 2010 to 2013 when most states enacted concussion legislation mandating reporting. Children age 10 to 19 years were five-times more likely to be diagnosed with a concussion than all other age groups combined, with the most dramatic spike in its incidence occurring in the fall, when the most popular school-based and extramural contact sports such as football, soccer and lacrosse are in season. Boys had an overall concussion rate of 7.0 per 1000 that increased 48% from 11.5 to 17.0 per 1000, compared to girls who had an overall concussion rate of 3.7 per 1000, increasing 118% from 6.1 to 13.3 per 1000 members, during the study period. The national average of the rate of concussion diagnoses increased nearly two-fold in all states between 2010 and 2015, especially in those age 10 to 19, from 8.9 per 1000 members to 15.2 per 1000 members, with the highest rates (nearly three-fold) in the Northeast.
Among head coaches and 3063 players from 103 secondary school football teams in Minnesota who responded to mailed questionnaires about injury incidence and concomitant health care provision [35] , the total injury rate was 78 injuries/100 players, and SRCs in 19/100 players. Overall, 69% of players who experienced LOC returned to play the same day. Symptoms of concussion lasted up to nine months following the end of the season, with six cases reporting permanent disabilities. Players with a prior history of LOC had a four-fold increased risk of another SRC.
Mild TBI comprised 5.5% of 23,566 injuries among 264 certified athletic trainers in 235 schools who recorded injury and exposure data for high school varsity athletes participating in boys' and girls' high school teams 1995 to 1997 [36] . Football accounted for two-thirds of the cases, while wrestling, soccer, basketball, softball, baseball, field hockey, and volleyball accounted for the remaining cases in order of declining frequency.
The occurrence of neurological injury in sports is not a new phenomenon. As one study demonstrated [37] , the majority of SRCs occur without LOC. Since 1990, the CDC has been developing a multistate mTBI surveillance system [38] using standardized methods to collect information. As expected, rates were highest in children, adolescents, and young adults respectively, with an incidence of 10 and 7.5 per 100,000 at age 15 to 24 and 5 to 14 years, compared to 3.8 and World Journal of Neuroscience Every year, boys have about twice the rate of SRCs than girls. Approximately 70% of all SRCs occurs in persons aged 0 to 19 years with the largest number due to bicycling, football, and basketball injuries. Among girls, the largest number of SRCs occurs during bicycling, playground activities, and horseback riding. Approximately 89% of boys and 91% of girls with an SRC were treated and released from EDs. These data underestimate the full impact of SRC as many mild sports injuries in school are undiagnosed, and not all those experiencing it seek treatment.
An estimated 20.3% (95% CI: 17.7 -23.2) of 6,383 Ontario middle and high school students enrolled in grades 7 through 12 (age range: 13 -20 years), acknowledged a lifetime TBI event in 2015 [40] . A larger survey cohort of 8, 915 Ontario high school students [5] showed a lifetime prevalence of mTBI in 20.2% (95% CI, 18.1% -22.4%), with 5.6% (95% CI, 4.2% -7.5%) of students reporting at least one mTBI in the preceding twelve months, and 14.6% (95% CI, 13.4% -15.9%) reporting mTBI in their lifetime. Sports injuries accounted for more than one-half of the cases of mTBI, with a lifetime OR of 3.93 (95% CI, 2.12 -7.27) among high school students who reported poor school grades. Those who reported occasional to frequent consumption of alcohol and frequent use of cannabis in the preceding twelve months, respectively had ORs of 2.03 (95% CI 1.33 -3.09) and 1.69 (95% CI 1.12 -2.55) compared to those who abstained.
Data from the High School Reporting Information Online [41] [46] analyzed candidate variables for the development of PCS among 40 young athletes following SRCs, noting significance for a preinjury mood disorder (OR 17.9, 95% CI 2.9 -113.0, p = 0.002), family history of mood disorders (OR 3.1, 95% CI 1.1 -8.5, p = 0.026), and delayed symptom-onset (OR 20.7, 95% CI 3.2 -132.0, p < 0.001). The higher prevalence of mood disorders and psychiatric ill-World Journal of Neuroscience ness were consistent with previous findings that preinjury parental anxiety and family and life stressors predicted protracted PCS in children [47] [48] .
O'Connor and colleagues [49] reported to be recurrent. Within each sport, girls' field hockey reported the greatest proportion of SRC that were recurrent (4.5%), followed by football (3.6%) and girls' lacrosse (3.6%).
Other apparent discrepancies in the rates of SRC include the number of sports examined, variance with sex, school or population size, and athlete-to-staff ratio all of which facilitates greater coverage at athletic events and increased rates of detection and reporting SRC.
Clinicopathologic Correlation and Pathophysiology
The AAN delineated the symptoms, clinical manifestations, and associated Memory deficits (exhibited by repeatedly asking the same question that has already been answered, or inability to memorize and recall 3/3 words or 3/3 objects in 5 minutes)
Any period of loss of consciousness (unresponsive to arousal) *Adapted from reference [26] . 
Treatment
Data have been insufficient to show that any intervention enhances recovery or diminishes long-term sequelae following SRC [31] . Winkler and Taylor [54] examined six studies of 421 young people/children concerning treatment of persistent symptoms following SRC or mTBI. Despite a wide variety of medical and nonmedical interventions, all studies reported positive results. However, all were limited in their design, and only one [55] was a controlled trial. Four studies were retrospective case series [56] [57] [58] [59] , and only one was a prospective cohort study [60] . The natural history of SRCs is significant resolution of symptoms in the first 3 months after injury and further improvement by 12 months [24] . The changes observed in children and adolescents following treatment likely constitute the natural resolution of the symptoms and therefore cannot be attributed with certainty to the effect of any intervention.
Section 2. Social-Ecological Model
The SEF is a theoretical structure employed in public health to illustrate and understand how levels of society interact with a given health-related problem.
The model itself is often presented with society and policy at the highest level, including stakeholders in policy development, dissemination, enforcement, evaluation and revision; followed by community; and below that, interpersonal World Journal of Neuroscience relationships and intrapersonal factors of the athlete. Efforts to evaluate the impact of concussion legislation on concussion rates and health care utilization have generally reported positive results. One study [74] found that the number of documented SRCs more than doubled in Seattle public schools after the enactment of the Lystedt Law. Another study [75] concluded that concussion legislation resulted in an increase in health care utilization, with states that have SRC legislation demonstrating a 10% higher concussion-related health services utilization rate compared to the ones without such laws. to 100% (mean = 76%; median = 83%) in comparison to less variable, and more compliant, urban districts, with rates ranging from 81% to 96% (mean = 88%; median = 85%). Westchester County and large city districts were similar in two World Journal of Neuroscience areas of lowest compliance including the provision of information relating to concussion in the any interscholastic sports permission form to a parent or guardian (36% versus 20%); and authorization for a licensed physician to resume athletic activity kept on file in the student's permanent health record (50% vs 60%).
Policy Level

State Legislation: Lystedt Laws
School Policy: Implementation and Compliance
A review of compliance by sections of the Act in this study [76] revealed that all districts were generally more compliant with section 1 (Concussion Educa- It is important to note that enacted legislative and educational policies represent the minimum acceptable standard. Individual schools, districts, conferences, or sports can implement procedures that go beyond the general re- [80] . Education on these policies and the positions of these organizations is necessary so that all stakeholders World Journal of Neuroscience involved in a sport setting, including administrators, coaches, parents, and athletes, understand the policies and their role in ensuring compliance with the policies.
Community Level
A community is a group of people with diverse characteristics linked by social ties, who share common perspectives, and engage in joint action in a common geographical location or setting [81] . There is reason to believe that full-time ATs are generally able to identify and care for more students with injuries. [84] analyzed the result of a mailed questionnaire to eligible high school coaches who received the tool kit noting that respondents self-reported favorable changes in knowledge, attitudes, and practices toward the prevention and management of concussions.
Chrisman and colleagues [85] found that physicians who received a mailed toolkit in the intervention group designed to increase knowledge about concussion were overall less likely to recommend next day return to play after a concussion (adjusted OR= 0.31, 95% CI = 0.12 -0.76) than controls.
Interpersonal and Intrapersonal Levels
The interpersonal level encompasses the interactions that athletes have with others in their lives. Coaches and medical providers discussed in the previous section provide normative references for behaviors in regards to sports and detection and treatment of concussion. Teammates may also play an important role in the early identification and reporting of SRC as perceived norms, shaped by observations of, and interactions with, members of the referent population.
Kroshus and colleagues [86] noted that in regards to SRC-reporting norms, athletes tended to think that they had safer attitudes than their teammates. Perceived norms were associated with symptom reporting intention, independent of the team's objective reporting norm. A social norms approach to SRC education, in which misperceived group norms are corrected and shifted in the direction of safety, is an important avenue for program development and evaluation research aimed at the secondary prevention of harm from SRC. A strategy that engages coaches and teammates in setting safe injunctive team norms, and that gives a voice to all team members, can have the benefit of disrupting the spiral of silence that helps perpetuate misperceived norms and could help in shifting true norms in the direction of SRC safety.
Kroshus and colleagues [87] 
Section 3. Recommendations
The current systems of health care have challenges and inconsistencies leading to gaps in service. The optimal management of childhood SRC requires care that goes beyond the acute injury, and into the school setting to maximize academic and social outcomes. This is more likely to occur when healthcare and educational systems are optimally coordinated. The current systems of care leads to gaps in optimal care of children with a SRC, especially when failing to be identi- services. There is insufficient evidence to support the use of neuropsychological testing in preadolescents [31] ; however, paper-and-pencil or computer techniques that test memory, reaction time, and speed of cognitive processing, will identify SRC in 71% to 88% of affected older adolescent athletes remote from the injurious event. A combination of diagnostic tests as compared with individual World Journal of Neuroscience tests is likely to improve diagnostic accuracy of concussion [31] . Neuroimaging employing brain CT or MRI does not diagnose a SRC, but may rule out serious head injuries associated with complicated mTBI, and severe PCS. Children with neurocognitive and neuropsychological deficits benefit from specialty evaluations to determine appropriate outpatient services and school follow-up assessments.
Viewing 
Suggested Research
There are at least four areas of research needed to fill the gap in our understanding of SRC and mTBI in adolescents. First, the further investigations of the pathophysiology of SRC and mTBI, notably the neuroinflammatory mechanisms that may contribute to the brain dysfunction at the molecular and neurochemical levels (http://www.davidsyounger.com/blog/expanding-horizons-tbi). Second, further insight into the optimal medical management of SRC. With evidence-based data failing to show any intervention to enhance recovery or diminish long-term sequelae [31] , and no standard of care for its short-term and long-term management, there is an urgent unmet need for RCTs that focus on subpopulations of children affected by SRC, and go beyond side-line management to develop meaningful treatment strategies.
Third, a focus on the prevalence and longitudinal outcome of children who enter schools each fall with a diagnosis of a SRC or another mTBI. Well-designed, school-based epidemiologic studies will answer this need. In the meantime, a simple question added to the health forms of entering students each fall querying their history of lifetime and recent concussions provide a useful starting point.
Fourth, understanding the contribution of resident and summer day camps to SRC. With a quarter of campers sustaining a head injury including SRC each season in one of the 11,000 members ACA camps [64] , there are hundreds of thousands of children attending camp before the start of school in the fall at risk for undiagnosed SRC excluded from state-mandated reporting. Epidemiologic studies are needed to estimate the burden of SRC among this large adolescent cohort.
